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. PROJECT ORIENTED MA.TERIALS LABORATORY 

; • I ■ . ■ ■' 

INTRODUCTION 

k 

General k)tors Institute (G.M,I.) will be a cooperative education 
school o£*about 2000 students, as o£ February 1976. The students are non- 
i^aterials students; 'that is they are Mechanical Engineers, Electrical 
Engineers and Industrial Engineers. Students alternate between six-week 
periods of academic^ study and six weeks o£ related work experience in 
their sponsoring plants • Plant sponsorship is required for attendance 
at G.M.I. i'^ ) 

miERIALS COURSES » ' 

During the first four semesters all engineering students take a 
common core of courses. Part of this common core is a three course 
materials sequence - starting with chemistry (Materials Science 10 ^in 
the first semester and Materials Science II, Organic Chemistry, and 
Materials Science III ''Metals" in tlie third and fourth semesters*. 
, The Materials Science III course taught(^der the title C-27 is 
a service course. C-27 is a four credit, th^ee class hour, two lab 
hour per week course. Glass sizes are about 24 people vdth lab sizes 

* 

about 12. (Two lab sections for each class section.) Originally, class 
and lab populations were equal, but when the project lab system was 
adopte4 about three years ago, it was felr that a smaller student -^teacher 
.ratio would provide a more effective laboratory experience for 



the student. In retrospect tMs'wg.s a, wise decision because o£ the 
time commitment required by the faculty and^ th6 ajnount o£ available 
equipment in the^second six- weeks* . 

Because o£ the operation o£ the: cooperative program, courses are 
essentially divided into two six-week parts. This divisioij lends 
itself nicely, to a project-oriented laboratory. ■ 

First Six Weeks (Students Work Individually) . . 

In the first six weeks the objectives are: 

a. ' To become familiar with basic physical testing equipment. 

b. To know the theoretical basis for hardness testing. 

.c. Be able to operate and take data from a tensile 

machine, hardness testers (Rockwell, Brinell, Wolpert) 
and impact teiter. * 

d. Be able«to cut, mount, polish, etch and photograph 

. * a micro sample. ■ , 

e. Be able to operate furnaces and rolling mill 

f . Know proper quenching technique- ' • 

These objectives are accomplished through lectures, demonstrations, and 
practical experience by the student. In * the £irst section, the students 
are exposed to various experiences: • ; ' * , 

First Six Weeks - Outline . 

c. 1. Hardness and heat treatment; , ^ 0 

2. Tensile test and mountihg 6£ specimens (froin £irst lab) 5 

3. ' Hand polishing o£ micro specimens; ' ;^ , j 

4. Micro examination and mi^cro photography; ; • i; 

5. -» dold wrk and recrystallizat ion; arid. , ' * ^ * , 

6. Discussion o£ work, review and test. 

In the- classroom segment o£ the section, the ituldent is exposed • 

^ .• ' . ' . ' 

to material which is supported by his 'lab ejcperiences. .For example, 



ntedhanical properties,' crystal structure, diffusion, and phase diagrams 
ar<? discussed. These subjects, plus his practical laboratory experience, 
prepare him for the project phase of the lab.' Prior 'to the last lab 
class of the first *six weeks) each student receives a handout e^eplaining 
in detail what is expected of him in the following section. (Handout 
is appended.)' This handout is subsequently discussed in the last' 
) laboratory of the section and any questions regarding the project 
portion of the lab are answered. This allows the student the option 
of picking a project, related- to his work experience or his plant environ- 

ment if he so desires. ^ - / , 

' . ■ •■ ■ ' ■ • * ■ ■ 

Second Six Weeks (Students Work In 2-Man Teams) | ^ 

_ - _ ^ ^ ^ I , . , . ^ 

A project is chosen at; tW first lab period jof the second six 

week session.' The students must present a proposal of their project . 

.before they begin. Each proposal cpntains (a), a J)roblem statement, , 

(b)^ a plan of attatk, (c) a time table, and (d) ari evaluation scheme.: 

It is the intention of this proposal to make each, jstudent te^ determine 

■ ■■• - - • 1 

a plan with an evaluation criteria before beginning- and thereby avoid 

apy difficulties iatir. Along with! this proposal, jthey are asked to 
find current referoAC^s to_procedUres and evaluations techniques qs 
lised in current engineering practice. . 

Before a team dafv/begin work, the i>roposal musil he approved by 
the instructor. A meetiitg is set up between both tekm manbers mid the 
instructor for this pu'^^se. It is hopld that 4Uring J this, meeting any 



pitfalls, in- the plan can bo eliminated and after this meeting the 
^vestigation can be run smoothly and comple.ted in the time allotted. 
After approval is obtained, the students are free to work at their ^ 
a\m pace and an open lalD concept, is maintained. By the oppi lab, it 
is meant ^that" during the course of a week, the students are, allowed to 
come into either of the two labs that are associated with the class they 
are taking, pliji^ there' are" periods when a stude^it lab assistant is in \ 
the la|)oratbry so they can workmen their own. This facilitates long , 
term heat treatments and more 'complicated arrangements that can not be 
done, in a normal two hour* lab. During execution of the project, the 
class instructor is available *to consult on problems and to discuss « 
the information gathered by th? stu(ients. • - ' 

The last; phase of the process is the reporting of their findings. 
This is done in both oral and written foim. The oral report* is a 
defense of the irtfethod ;aiid the data collected and is conducted in the 
classroom in conjunction with the other students. This allows each 
student to become aware of the work being done and information gathered 
' by the other students. 

THE. EVALUATION • 

• Evaluation of a project is done by both, the professor and the 
students. The students are given a handout sheet and asked to grade 
eacli oral report for technical content and presentation (Handout 
appended). The professor evaluates this performance based oh: 

* ^ ■ 

^ ■ ^ ' . .. ■ . . . . - . .. ' ... — 



a. How well the" student followed the proposed plan. '\- 

b. If bad data are obtained,' how weir do they account 
for the deviation. ' • . ^ 
Work method. . ' ' - . . • 

Are the concliisions and recoimendatioiis consis^ient 
with the data. . . ' ■ ' 

<3en^'ally allowances are made for equipment malfunctiicin or other 
imloreseen delays. In addition, during the project students are 
flowed to re-evaluate a method and change their originkl plan upon 
/presenting proper justification. .These types of deviations are allowed 
without penalty. Grading is done as much as iwssible without regard 
. to class grades and unfortunately is subjective in nature. If the 
students follow, their plan, use reasonable data collection methods , 
and don't make any major mistakes in their discussion or conclusions 
they can expect a grade of "B" for their written report and the 
technical portion of the oral report. Presentation grades are given 
based on format and delivery and are about M of the total lab grade. 

The basic philosophy of the project- oriented lab is to involve 
the students in a challenging itivestigation in whick he can relate to 
a problem, become familiar with testijig tedmiques, be free to apply his 
ingenuity and experience to extract infprmatioh, and to relate the 
lecture material to the- laboratory experience. • . * 

Some typical projects: ^e evaluation of screw drivers. The. 
students purchased a number of coimiercially available'^crew drivers and 



cpmpared their relative characteristics and evaiiiated these .character- 
istics on a quality scale. The final recommendation ranked the tools- , 
from tiiose suitable for opening paint cans to those a mechanic vrou^d 
purchase for a long tern use. • • 

. 'Another Student team attenpted to iiDprove the properties of a 
lower strength 2ll6y steel fastener to that of a higher strength 
fastenefr by heat treatment. 

* There have been numerous projects on sheet metal testing, iinpacting 
of sheet metal specimens , Olson ojp drawing, experiments using various • 
heat treated sheets and 'non-ferrous materials. - Projects can and do 
take man)r#oims. '. The ideas are limited only by the imagination of 
the student. (Additional project titles are listed^ the T^endix.) 

The freedom of this form of laboratory experience is considerably 
• more rewarding for both student and professor than a. conventional - " 

"canned" laborato^. In general, .the project lab is well accepted by 
' th^ sQents,' even though the length and difficulties of the problem 
/;are'^reater than "in conventional labs. ^ 

Some question Vs been raised as to the lack of a 'Veil rounded" 
lab program. This would be one in \Mch. the stiident sees a number of 
planned-experiment^ to illustrate certain phenomenon that correlate 
with the plass lecture. The project lab ,in some ways limits the 
exposure of the student but in turn it creates a "need to know" 
atmosphere. At the same tnne, the involv^nt of the students among 
themselves and with the professor, fosters questions and greater • 
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interaction. Because o£ this interplay I believe a much, greiter 
mderstanding is actually achieved. 



/ 



J5UNMARY 



In sunmary the key ingredxenis for a suqcessful project-oriented 
lab are small- classes, time comnitment on ^ part o£ the instructor 
and an imaginative student bo'dy. 

it is hoped that this brief^pr^sentaftion has given you an 
.insight to the method by whicll we conduct a laboratory in the -materials 
area and hopefully will stiMjlVte you to try. new methods by vMch 
students may more profitably study materials. 
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APPENDIX A « 
C-27 LAB PROJECT 



Durinfi the .on-ul six week* session you will be asked- to do a project on the 
evaluaLion of «ome r.uLerial or process dealing with materials. This! project' is ' 
of lour choice. TYou may investigate any materials problem provided (D.-it can . 
be done with'the equipment available at G.M.I, and (2) the scope of the project 
perrolts its completion in the allotted six weeks. , 

VThe purpose of this project is to' allow you to investigate an area of materials^ ■ 
that you consider interesting. . • 

.The following is a list of the requirements for this project: • . , 

r iV During\he first lab period of. the seventh week you will be aske4 
to submit a proposal for your project. This proposal will consist 
oC the following items: 

; (a) The subject of your investigation. This should be the 
' title of your final report. 

(b) An explanation of the problem area you intend to investigate. 

(c) The names of the team members. : Each team will consist of 

' ■ two persons. ' ' 

' (tfy A list of materials needed in your project. ^ ; 

(e) The type of equipment that yoti will be using such as 
furnaces, hardness testing machines, tensile testing ' , 
machines, etc. 

(f) • Uow you propose to evaluate the information that you have , 
gathered. By this I mean what graphs you intend to draw; 
what specific, properties are you intending to characterize} 
how you will characterize them. ' . 

(i') A time table for your proposed project. 

■ iK 

Thi. proposal will be typed and submitted before ypur begin working. In order to 
gain Approval for working, each student team will be questToned on the project in 
ordur to determine how well they have conceived the project. At this time, if .approval 
ir. granted, the students can begin the project portion of the laboratory. , 

2. After the project is completed, the following information and reports , 
will be' submitted. Each team^will be asked to prepare a written and 
an utai report of tholt' project. The oral report will be presented . 



to the euj.ire class. This oral ^report will be graded/based on the presentation 
and your ability to answer questions from the group. Your grade for this 
presentation will be dete^rmined by my evaluation and by a classroom evaluation 
of your peers; Secondly, the written report will consist of the raw data 
that you have taken and presented in a neat tabular format. This njaed not b^ 
type* You will present your evaluation of the data in some form. Most 
'convenient for engineering purposes is a graphical format. You will present 
conclusions and recommendations if th^ suit your project. And finally you 
will be asked to discus^ your data in not more than five typad pages. ' 

If during your work experience, you encounter something that you feel would be 
a reasonable' project please feel free to call me at 8+4464-9882 to discuss 
this idea. If by the end of 'the first week of class in the new section, you have 
not determined a project, I will assign a project of » my choice at that time. , 




C. V. White 
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STUDENT EVALUATION OF ORAL PRESENTATIONS 

Please judge each presentation on technical .content and presentation 
Assign a grade o^l (failing) to 5 Cexcellent). " • 

As a guide' line/— ...-^ 
- Technical Content , / . 

A) Does the information sound reasonable? 

B') Are the data saying the same thing as the speaker? 

C) Did they make any errors in their method? 

D) Can they answer reasonable questions on the subject? 



Talk 
1 

3 
4 
S 



Presentation 

A) Can you hear the speakers? 

B) Do the <risuaL aids make sense 

C) - . Did they read the report? 

* ' * . 

Speakers / Technical 



12 

10 



can you read them? 



Presentation 
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